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(57)  The purpose of the present invention is to sup-

press adhering of impurities to substrates and interme-

diate layers during normal temperature bonding of sub- F | g. 5
strates. This normal temperature bonding device is pro-

vided with: a vacuum vessel (1); a first holding mecha- /J5
nism (3a) thatholds a first substrate (4); a second holding
mechanism (3b) that holds a second substrate (4); a
beam source (6) that outputs an activated beam that ir-
radiates surfaces to be bonded of the first substrate (4)
and the second substrate (4); and a pressure bonding
mechanism (5) that aligns and bonds the surfaces to be
bonded of both substrates (4) to which a target material
has been made to adhere. At least one of the vacuum
vessel (1), the first and second holding mechanisms (3a,
3b), the beam source (6) and the pressure bonding mech-
anism (5) is formed from or covered with a first material
that is not easily sputtered by the activated beam (6) or
that does not inhibit the function of devices formed by
bonding the two substrates (4) even when present on the
surfaces to be bonded.
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Description
Technical Field

[0001] The present invention relates to a room-tem-
perature bonding apparatus and a room-temperature
bonding method, especially, to a room-temperature
bonding apparatus and a room-temperature bonding
method, which bond a plurality of substrates by contact-
ing the activated surfaces of the substrates each other.

Background Art

[0002] A MEMS (Micro Electro Mechanical Systems)
device is known in which minute electrical parts and me-
chanical parts are integrated. As the MEMS device, a
micro machine, a pressure sensor, a micro motor and so
on are exemplified. A semiconductor device is known in
which semiconductor wafers for LS| (Large Scale Inte-
gration) are laminated. In such a semiconductor device,
it is possible to reduce the increase of leakage current,
the delay of a signal on a wiring line, and so on.

[0003] The room-temperature bonding is a technique
that for example, wafer surfaces activated in a vacuum
ambience are opposed to each other so as to bond the
wafers. The room-temperature bonding is suitable to
form the MEMS device and the semiconductor device.
Therefore, in recent years, the MEMS device and the
semiconductor device are manufactured by using a
room-temperature bonding apparatus and the devices
using the room-temperature bonding have become pop-
ular. In association with the above, the bonding between
substrates of different materials is required, such as the
bonding between substrates of materials which are never
bonded by now and the bonding between substrates of
materials which are difficult to bond, in the room-temper-
ature bonding. However, because the etching rate and
the thickness of an oxide film or an absorption film are
different for every material among different kind of ma-
terials, the bonding between substrates of the different
kind of materials is difficult generally.

[0004] In the room-temperature bonding, as a tech-
nique of bonding substrates of materials which are diffi-
cult to bond, a technique is known that the bonding
strength is improved by disposing a layer of another ma-
terial between the bonding surfaces of the substrates.
For example, such a bonding method is disclosed in JP
H06-99317A (Patent Literature 1). In this bonding meth-
od, a particle beam is irradiated to the bonding surfaces
of the two substrates in a super pure ambient. Then, one
of the two bonding surfaces is sputtered with the particle
beam to form a fine particle film on the other bonding
surface. After that, the bonding surfaces are faced each
other and the bonding surfaces are bonded by slightly
pressurizing.

[0005] Also, a substrate bonding method is disclosed
in JP 2004-337927A (Patent Literature 2). In this sub-
strate bonding method, a plurality of substrates are bond-

10

15

20

25

30

35

40

45

50

55

ed. This substrate bonding method has two steps of a
first step and a second step. In the first step, an inactive
gas ion beam or an inactive gas neuter atom beam, and
a metal ion beam or a metal neuter atom beam are irra-
diated at the same time to a bonding surface of each of
the substrates in vacuum. Through a balance of a sput-
tering operation of the substrate surface with the inactive
gas ion beam or the inactive gas neuter atom beam and
a deposition operation of metal atoms with the metal ion
beam or the metal neuter atom beam, a thin metal film
having the film thickness of 1 nm to 10 nm is formed on
the bonding surface of each substrate. In the second
step, the bonding surfaces are opposed to each other so
as to bond the substrates through the thin metal film as
a medium.

[0006] Also, a room-temperature bonding method is
disclosed in US 4,172,806B (Patent Literature 3; US
2010/000663A1). This room-temperature bonding meth-
od bonds a plurality of substrates at the room-tempera-
ture through an intermediate layer. This room-tempera-
ture bonding method includes a first step and a second
step. In the first step, the intermediate layers are formed
on the bonding surfaces of the substrates by physically
sputtering a plurality of targets. In the second step, the
bonding surface of each of the substrates is activated by
the physical sputtering. That is, in this room-temperature
bonding method, an energy line (e.g. an ion beam, an
atomic beam) is irradiated to a target formed of a plurality
of kinds of materials. Thus, the intermediate layer having
a uniform thickness is formed on the bonding surface of
the substrate by sputtering the target. In this way, the
bonding is achieved at the room-temperature to have
enough bonding strength without heating in the bonding.
In this case, the pressurizing and the heating are unnec-
essary in the bonding.

[0007] On the other hand, in a manufacturing line of
the MEMS devices or the semiconductor devices, it is
extremely important to prevent metal impurity from being
mixed into the device (metal pollution), from the viewpoint
of the manufacturing yield, the reliability, and so on.
Therefore, a possibility that the metal impurity adheres
to a manufacturing line and another device through the
scattering of metal existing in the MEMS device or the
semiconductor device in the manufacturing process to
pollute them must be made as close to "0" as possible.
In the above-mentioned room-temperature bonding
method, some beam is irradiated to the substrate and
the target, butthere is a possibility that a part of the beam
is irradiated to other members in the vacuum chamber
other than the substrate and the target. At that time, the
other members are sputtered so that there is a possibility
that particles of the other members adhere to the bonding
surface and side surface of the substrate and an inter-
mediate layer on the substrate. In this case, because the
members are mainly formed of metal material, metal
emitted from an un-intentional one of the members might
adhere to the substrate as metal impurity. There is a pos-
sibility that the metal impurity adheres to the manufac-
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turing line and another device by applying such a polluted
bonding substrate to the following manufacturing line. As
aresult, there is a possibility that the function of the other
device is obstructed due to such a metal impurity.
[0008] Also, inthe MEMS device and the semiconduc-
tor device, there is a request that a total amount of an
intermediate layer, especially metal intermediate layer
should be reduced as far as possible, or the intermediate
layer should be omitted partially, from the similar view-
point. In a method of Patent Literature 3, an energy line
which carries out a target etching to form the intermediate
layer and an energy line which etches the bonding sur-
face of the substrate are the same. Therefore, when the
energy of the energy line is reduced to reduce a gross
amount of the intermediate layer, the etching of the bond-
ing surface becomes weak at the same time. That is, it
was difficult to control the forming of the intermediate
layer and the etching of the bonding surface independ-
ently. There is a possibility that the enough bonding
strength cannot be obtained when the etching of the
bonding surface becomes weak so that the activation
cannot be sufficiently carried out.

Citation List
[0009]

[Patent Literature 1] JP H06-99317A
[Patent Literature 2] JP 2004-337927A
[Patent Literature 3] JP Patent No. 4172806

Summary of the Invention

[0010] A subject matter of the present invention is to
provide a room-temperature bonding apparatus and a
room-temperature bonding method, in which the adhe-
sion of impurities to substrates can be restrained, when
the substrates are bonded at a room-temperature.
[0011] Another subject matter of the present invention
is to provide a room-temperature bonding apparatus and
a room-temperature bonding method, in which the for-
mation of an intermediate layer on a bonding surface of
each of substrates and the etching of the bonding surface
can be controlled independently, when the substrates
are bonded at a room-temperature after the intermediate
layers are formed.

[0012] Further another subject matter of the present
invention is to provide a room-temperature bonding ap-
paratus and a room-temperature bonding method, in
which a manufacturing yield of devices using the bonded
substrates and a reliability of the devices can be im-
proved, when the substrates are bonded at a room-tem-
perature.

[0013] Further another subject matter of the present
invention is to provide a room-temperature bonding ap-
paratus and a room-temperature bonding method, in
which a possibility that a manufacturing line for the de-
vices using the bonded substrates is polluted with an
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impurity can bereduced, when the substrates are bonded
at a room-temperature.

[0014] The room-temperature bonding apparatus of
the present invention includes a vacuum chamber, a first
holding mechanism, a second holding mechanism, a
beam source and a pressure bonding mechanism. The
first holding mechanism is disposed in the vacuum cham-
ber to hold a first substrate. The second holding mech-
anism is disposed in the vacuum chamber to hold a sec-
ond substrate. The beam source is disposed in the vac-
uum chamber to irradiate an activation beam to bonding
surfaces of the first and second substrates. The pressure
bonding mechanism is disposed in the vacuum chamber
to bond the first and second substrates such that the
bonding surface of the first and second substrates irra-
diated with the activation beam are opposed to each oth-
er. At least one of the vacuum chamber, the first holding
mechanism, the second holding mechanism, the beam
source and the pressure bonding mechanism is formed
of a first material which is difficult to be sputtered with
the activation beam, or which does not obstruct a function
of a device formed by bonding the first substrate and the
second substrate even if the first materialis in the bonding
surfaces, or a surface of at least one of them is covered
with a covering member of the first material. In such a
room-temperature bonding apparatus, a phenomenon
can be restrained that at least one of a plurality of mem-
bers is sputtered so that the sputtering particles adhere
to the substrates. Or, even if the sputtering particles ad-
here to the substrates, it is possible to restrict the sput-
tering particles to a material which does not obstruct the
function of the device. Thus, it can be prevented that the
material (e.g. metal impurity) which are contained in the
sputtering particles and which obstructs the function of
the device remains in the bonding substrates. As aresult,
it is possible to improve the manufacturing yield of the
devices using the bonding substrates and the reliability
of the devices, and to reduce a possibility that a manu-
facturing line of the device is polluted with the impurity.
Here, the material which is difficult to be sputtered is a
material that an argon sputtering yield is relative low (a
material lower than a predetermined reference value of
the argon sputtering yield) when sputtering with argon
(Ar). The material which does not obstruct the function
of the device is a material which never makes an electric,
magnetic and optical functions decline and obstructs the
function in case of existing in the bonding surfaces. The
covering member is a member disposed in front of the
irradiated surface along the irradiated surface, and a thin
plate member and a thin film member are exemplified.
The covering member may be in contact with the irradi-
ated surface and be apart from the irradiated surface.
[0015] In the room-temperature bonding apparatus of
the present invention, it is desirable that the first material
contains an element of a main component of the first
substrate as a main component. In such a room-temper-
ature bonding apparatus, even if at least one of members
other than a target is sputtered so that the sputtering
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particles adhere to the intermediate layer and the sub-
strates, the influence of the sputtering particles on the
device can be retrained.

[0016] In the room-temperature bonding apparatus of
the presentinvention, itis desirable that the first substrate
is a silicon substrate and the first material contains silicon
oxide as the main component. In such a room-tempera-
ture bonding apparatus, the influence of the sputtering
particles on the device can be retrained. Here, the silicon
oxide as the first material contains quartz.

[0017] In the room-temperature bonding apparatus of
the presentinvention, itis desirable that the first substrate
is a sapphire substrate and that the first material contains
aluminum oxide as the main component. In such a room-
temperature bonding apparatus, the influence of the
sputtering particles on the device can be retrained in case
of using a sapphire substrate for the bonding substrate.
Here, aluminum oxide as the first material contains sap-
phire.

[0018] In the room-temperature bonding apparatus of
the presentinvention, it is desirable that the first material
contains an insulator. In such a room-temperature bond-
ing apparatus, even if at least one of the members other
than the target is sputtered and the sputtering particles
adhere to the intermediate layer and the substrate, the
influence of the sputtering particles on the device can be
suppressed.

[0019] In the room-temperature bonding apparatus of
the present invention, it is desirable that the covering
member contains a layer covering a surface for the acti-
vation beam to be irradiated. In such a room-temperature
bonding apparatus, because an area where a member
is installed is unnecessary, comparing the covering layer
and some member to be used, the area in the apparatus
can be effectively used. A layer directly coated on the
surface (film forming) and a diffusion layer in which the
material is diffused into the surface are exemplified as
the covering member.

[0020] Itis desirable that the room-temperature bond-
ing equipment of the present invention further includes
the target holding mechanism disposed in the vacuum
chamber to hold a target. It is desirable that the target
holding mechanism includes a plurality of areas where a
plurality of targets are arranged. Itis desirable to arrange
a pseudo target of the first material in an area where any
target is not arranged of the plurality of areas. In such a
room-temperature bonding apparatus, it is possible to
change the film thickness and composition of the inter-
mediate layer without without changing a condition of the
activation beam from the beam source by adjusting the
area and composition of the plurality of targets used to
form the intermediate layer. Thus, the intermediate layer
having desired characteristics can be formed independ-
ently from the etching condition of the substrate with the
activation beam. In addition, the phenomenon can be
restrained that an area where any target is not arranged
in the target holding mechanism is sputtered and the
sputtering particles adhere to the intermediate layer and
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the substrate.

[0021] In the room-temperature bonding apparatus of
the present invention, it is desirable that the target main-
tenance mechanism is formed of the first material, or the
surface to be irradiated with the activation beam is cov-
ered with the covering member formed of the first mate-
rial. It is desirable that the beam source emits the acti-
vation beam which is irradiated to the bonding surfaces
of the first and second substrates and the target. It is
desirable that the pressure bonding mechanism bonds
the bonding surfaces of the first and second substrates
on which the material of the target is adhered. In such a
room-temperature bonding apparatus, the phenomenon
can be restrained that the target holding mechanism is
sputtered and the sputtering particles adhere to the sub-
strate. Or, even if the sputtering particles adhere to the
substrate, it is possible to limit the material of the sput-
tering particles which does not obstruct the function of
the device.

[0022] In the room-temperature bonding apparatus of
the present invention, it is desirable that an existence
density of an impurity which exists in the bonding surfac-
es of the first and second substrates is less than 1x 1014
atoms/cm2. In such a room-temperature bonding appa-
ratus, because itis restrained that an un-intentional mem-
ber is sputtered so that the sputtering particles adhere
to the intermediate layer and the substrate, the impurity
in the bonding surface can be restrained low.

[0023] A room-temperature bonding method includes:
providing a room-temperature bonding apparatus which
comprises a vacuum chamber; afirst holding mechanism
provided in said vacuum chamber to hold a first substrate;
a second holding mechanism provided in said vacuum
chamber to hold a second substrate; a beam source pro-
vided in said vacuum chamber to irradiate an activation
beam to bonding surfaces of the first substrate and the
second substrate; and a pressure bonding mechanism
provided in said vacuum chamber to bond the bonding
surface of the first substrate and the bonding surface of
the second substrate to which the activation beam is ir-
radiated, wherein at least one of said vacuum chamber,
said first holding mechanism, said second holding mech-
anism, said beam source and said pressure bonding
mechanism is formed of a first material which is difficult
to be sputtered with the activation beam or which does
not obstruct a function of a device obtained by bonding
the first substrate and the second substrate even if the
first material is in the bonding surfaces, or a surface of
said at least one is covered with a covering member of
the first material; holding a first substrate by said first
holding mechanism and a second substrate by said sec-
ond holding mechanism; irradiating the activation beam
from said beam source to bonding surfaces of the first
and second substrates; and bonding the bonding surfac-
es of the first and second substrates to which the activa-
tion beam is irradiated, by said pressure bonding mech-
anism. In such a room-temperature bonding method, in
the irradiating the activation beam from the beam source,
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the phenomenon can be restrained that at least one of
the plurality of members is sputtered and the sputtering
particles adhere to the substrates. Or, even if the sput-
tering particles adhere to the substrates, the material of
the sputtering particles can be limited to a material which
does not obstruct the function of the device. Thus, it is
possible to strain that the material which is contained in
the sputtering particles and which obstructs the function
of the device remains in the bonding substrates. As a
result, amanufacturing yield of the device using the bond-
ing substrates and the reliability of the device can be
improved, and a possibility that the manufacturing line of
the device is polluted with the impurity can be reduced.
[0024] Inthe room-temperature bonding method of the
present invention, it is desirable that the first material
contains an element of a main component of the first
substrate as a main component. In such a bonding room-
temperature method, in the irradiating the activation
beam to the target, even if sputtering particles from at
least one of the plurality of members other than the target
adhere to the intermediate layer and the substrates, the
influence of the sputtering particles on the device can be
suppressed small.

[0025] Inthe room-temperature bonding method of the
presentinvention, itis desirable that the first substrate is
a silicon substrate and that the first material contains sil-
icon oxide as the main component. In such a room-tem-
perature bonding method, even if sputtering particles
from at least one of the plurality of members other than
the target adhere to the intermediate layer and the sub-
strates, the influence of the sputtering particles on the
device can be suppressed small.

[0026] Inthe room-temperature bonding method of the
presentinvention, itis desirable that the first substrate is
a sapphire substrate and that the first material contains
aluminum oxide as a main component. In such a room-
temperature bonding method, when using a sapphire
substrate for the bonding substrate in the irradiating the
activation beam to the target, the influence of the sput-
tering particles on the device can be suppressed small.
[0027] Inthe room-temperature bonding method of the
present invention, it is desirable that the first material
contains an insulator. In such a room-temperature bond-
ing method, in the irradiating the activation beam to the
target, even if at least one of the plurality of members
other than the target is sputtered so that the sputtering
particles adhere to the intermediate layer and the sub-
strates, the influence of the sputtering particles on the
device can be suppressed small.

[0028] Inthe room-temperature bonding method of the
present invention, it is desirable that the covering mem-
ber contains alayer by which the surface for the activation
beam to be irradiated is covered. In such a room-tem-
perature bonding method, because an area where the
member is arranged becomes unnecessary, comparing
the covering layer with any member, the area inside the
apparatus can be used more effectively for another ap-
plication.
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[0029] Intheroom-temperature bonding method of the
present invention, it is desirable that the room-tempera-
ture bonding equipment further includes a target holding
mechanism disposed in the vacuum chamber to hold the
target. It is desirable that the target holding mechanism
includes a plurality of areas in which a plurality of targets
are arranged. It is desirable to arrange a pseudo target
of the first material in an area where the target is not
arranged, of the plurality of areas. In such a room-tem-
perature bonding method, in the irradiating the activation
beam to the target, the film thickness and composition
on the intermediate layer can be changed without chang-
ing a condition of the activation beam of the beam source,
by adjusting the areas and compositions of the plurality
of targets for forming the intermediate layer. Thus, the
intermediate layer having desired characteristics can be
formed independently from the etching condition of the
substrate with the activation beam. In addition, the phe-
nomenon can be restrained that the area where the target
is not arranged in the target holding mechanism is sput-
tered so that the sputtering particles adhere to the inter-
mediate layer and the substrates.

[0030] Intheroom-temperature bonding method of the
present invention, it is desirable that the target mainte-
nance mechanism is formed of the first material, or that
a surface for the activation beam to be irradiated is cov-
ered with the covering member. In the room-temperature
bonding method, it is desirable that the irradiating the
activation beam from the beam source includes irradiat-
ing the activation beam from the beam source to the tar-
get. Itis desirable that the bonding the bonding surfaces
by the pressure bonding mechanism includes that bond-
ing the the bonding surfaces of the first and second sub-
strates to which the material of the target adheres by the
pressure bonding mechanism. In such a room-tempera-
ture bonding method, the phenomenon can be restrained
that the target holding mechanism is sputtered so that
the sputtering particles adhere to the substrate. Or, even
if the sputtering particles adhere to the substrates, the
material of the sputtering particles can be limited to a
material which does not obstruct the function of the de-
vice.

[0031] Intheroom-temperature bonding method of the
presentinvention, it is desirable that an existence density
of the impurity which exists in the bonding surfaces of
the first and second substrates is less than 1x 1014 at-
oms/cmZ2, In such a method of bonding room-tempera-
ture, in the irradiating the activation beam to the target,
because it can be restrained that an un-intentional mem-
ber is sputtered so that the sputtering particles adhere
to the intermediate layer and the substrates, the impurity
of the bonding surfaces can be restrained low.

[0032] According to the present invention, when the
substrates are bonded atthe room-temperature, itis pos-
sible to restrain adhesion of the impurity to the substrates.
When the intermediate layer is formed between the sub-
strates, the forming of the intermediate layer and the etch-
ing of the bonding surfaces of the substrates can be con-
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trolled independently. It is possible to improve the man-
ufacturing yield of the devices using the substrates bond-
ed though the room-temperature bonding and the relia-
bility of the devices. It is possible to reduce a possibility
that the manufacturing line of the devices using the sub-
strates bonded by the room-temperature bonding is pol-
luted with the impurity.

Brief Description of the Drawings
[0033]

FIG. 1 is a sectional view showing the configuration
of aroom-temperature bonding apparatus according
to a first embodiment.

FIG. 2 is a perspective view schematically showing
the configuration of the room-temperature bonding
apparatus according to the first embodiment.

FIG. 3 is a plan view showing an example of the
configuration of a target holding substrate in the first
embodiment.

FIG. 4 is a side view showing an example of a device
manufactured by aroom-temperature bonding meth-
od according to the first embodiment.

FIG. 5 is a sectional view showing the configuration
of the room-temperature bonding apparatus accord-
ing to a second embodiment.

FIG. 6Ais a sectional view showing the configuration
of the room-temperature bonding apparatus accord-
ing to a third embodiment.

FIG. 6B is a sectional view showing an example in
a covering layer.

FIG. 7Ais a perspective view schematically showing
the configuration of the room-temperature bonding
apparatus according to the third embodiment.

FIG. 7B is a sectional view schematically showing
an example of the target holding substrate.

FIG. 7C is a sectional view schematically showing
an example of the target holding substrate.

FIG. 8Ais a sectional view showing the configuration
of the room-temperature bonding apparatus accord-
ing to a fourth embodiment.

FIG. 8B is a sectional view showing an example in
a covering layer.

FIG. 9 is a graph showing the effect of the embodi-
ment.

Description of Embodiments

[0034] Hereinafter, a room-temperature bonding ap-
paratus and a room-temperature bonding method ac-
cording to embodiments of the present invention will be
described with reference to the attached drawings.

[First Embodiment]

[0035] First, the configuration of the room-temperature
bonding apparatus according to a first embodiment of
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the present invention will be described. FIG. 1 is a sec-
tional view showing the configuration of the room-tem-
perature bonding apparatus according to the presentem-
bodiment. The room-temperature bonding apparatus in-
cludes a vacuum chamber 1, an exhaust unit 2 and an
atomicbeam source 6. The vacuum chamber 1is acham-
ber whose internal space can be exhausted to a vacuum
state. For example, the vacuum chamber 1 is made of
stainless steel and has a rectangular parallelepiped
shape or a circular cylinder shape. The exhaust unit 2 is
disposed to one of the sides of the vacuum chamber 1.
The exhaust unit 2 exhausts gas inside the vacuum
chamber 1. In FIG. 1, an exhaust port of the exhaust unit
2 is drawn in a circle (broken line). As the exhaust unit,
a combination of a turbo molecular pump and a rotary
pump is shown. The atomic beam source 6 is disposed
for another of the sides of the vacuum chamber 1. The
atomic beam source 6 generates a fast atom beam (ex.
FAB; a gas species: argon Ar, neon Ne, krypton Kr, xenon
gas Xe, and so on), and irradiates the fast atom beam
from an opening section (irradiation port) 16 disposed in
the other side into the vacuum chamber 1. Note that there
may be a plurality of atom beam sources 6. The arrange-
ment positions of the atom beam sources 6 are deter-
mined according to the purpose of the irradiation of atom-
ic beams.

[0036] Moreover, the vacuum chamber 1 includes a
positioning stage carriage 3a and an alignment mecha-
nism 17. For example, the positioning stage carriage 3a
and the alignment mechanism 17 are made of stainless
steel. The positioning stage carriage 3a is formed to be
like a board. The positioning stage carriage 3a is ar-
ranged inside the vacuum chamber 1 and is supported
to be movable in a direction parallel to a horizontal direc-
tion and to be rotatable around a rotation axis parallel to
a vertical direction. When a substrate 4 is conveyed in a
condition that the substrate 4 is located on a cartridge
(not shown), the positioning stage carriage 3a holds the
substrate 4 by holding the cartridge on which the sub-
strate (or wafer) 4 is put. The alignment mechanism 17
drives the positioning stage carriage 3a so that the posi-
tioning stage carriage 3a moves in the direction parallel
to the horizontal direction or the positioning stage car-
riage 3a is rotated around the rotation axis parallel to the
vertical direction.

[0037] Moreover, the vacuum chamber 1 includes a
pressure bonding mechanism 5 and an electrostatic
chuck 3b. For example, the pressure bonding mecha-
nism 5 is made of stainless steel. The electrostatic chuck
3b is arranged inside the vacuum chamber 1 and is ar-
ranged straightly above the positioning stage carriage 3a
inthe vertical direction. The electrostatic chuck 3bis sup-
ported by the vacuum chamber 1 to be movable in the
direction parallel to the vertical direction. The electrostat-
ic chuck 3b has a dielectric layer. The electrostatic chuck
3b has a lower end with a flat surface which is substan-
tially perpendicular to the vertical direction. Moreover,
the electrostatic chuck 3b has an internal electrode dis-
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posed inside a dielectric layer. In the electrostatic chuck
3b, a predetermined voltage is applied to the internal
electrode. Thus, the electrostatic chuck 3b holds the sub-
strate (or wafer) 4 which is arranged in the neighborhood
of the flat surface of the dielectric layer with electrostatic
force.

[0038] The pressure bonding mechanism 5 drives the
electrostatic chuck 3b to move along a direction parallel
to the vertical direction (line 18 in FIG. 1) with respect to
the vacuum chamber 1. For example, the pressure bond-
ing mechanism 5 moves the electrostatic chuck 3b to one
position of a plurality of predetermined positions. More-
over, the pressure bonding mechanism 5 measures a
position where the electrostatic chuck 3b is arranged, to
output the measured result. Moreover, the pressure
bonding mechanism 5 measures a load which is applied
to the substrate 4 held by the electrostatic chuck 3b to
output the measured result. Moreover, when the lower
surface of the pressure bonding mechanism 5 contacts
the upper surface of the alignment mechanism 17, the
pressure bonding mechanism 5 can apply a load onto
the alignment mechanism 17. Therefore, when an upper
substrate 4 held by the electrostatic chuck 3b which is
disposed on the lower surface of the pressure bonding
mechanism 5 contacts a lower substrate 4 held by the
positioning stage carriage 3a on the upper surface of the
alignment mechanism 17, the pressure bonding mecha-
nism 5 can apply the load to the lower substrate 4 through
the upper substrate 4.

[0039] Moreover, the vacuum chamber 1 includes tar-
get holding substrates 8a and 8b, target moving mech-
anisms 40a and 40b. The target holding substrate 8a is
disposed on the side of the atomic beam source 6 in the
horizontal direction from the positioning stage carriage
3a. The target moving mechanism 40a holds the target
holding substrate 8a to be movable in the vertical direc-
tion 19 and the horizontal direction 22, and moreover to
be changeable in a orientation to the opening section 16
of the atomic beam source 6, and the orientation 23 to
the substrate 4. The target holding substrate 8b is dis-
posed on the side of the atomic beam source 6 in the
horizontal direction of the electrostatic chuck 3b. In the
same way, the target moving mechanism 40b holds the
target holding substrate 8b to be movable in the vertical
direction 19 and the horizontal direction 22 and moreover
to be changeable in the orientation to the opening section
16 of the atomic beam source 6, and the orientation 23
to the substrate 4. The target holding substrates 8a and
8b can be moved to the positions where the fast atom
beam 9 from the atomic beam source 6 does not cross
the irradiated surface of targets 7 at least, by the target
moving mechanisms 40a and 40b.

[0040] The targets 7 are located on the upper surface
of the target holding substrate 8a and the lower surface
of the target holding substrate 8b. The target 7 has a
plate-like bulk shape. As the materials of the targets 7,
materials are used which are appropriate for an interme-
diate layer which assists the bonding of the substrates 4
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when the upper substrate 4 and the lower substrate 4
arebonded. The target material is appropriately selected,
depending on the situation of the bonding surfaces of the
substrates. A metal material (containing alloy material),
a semiconductor material, an insulator material are ex-
emplified as the materials. A complicated mechanism is
required if the direction of the fast atom beam irradiated
from the atomic beam source 6 is changed. For this rea-
son, the direction of the fast atom beam is fixed. The
target moving mechanisms 40a and 40b change the po-
sitions and orientations of the target holding substrates
8a and 8b so as to control the thickness of the interme-
diate layer formed on the substrate surface in the direc-
tion orthogonal to the substrate surface, the uniformity
of the thickness, and the uniformity of the concentrations
of materials of the intermediate layer.

[0041] FIG. 2 is a perspective view schematically
showing the configuration of the room-temperature bond-
ing apparatus according to the present embodiment. As
shown in FIG. 2, the room-temperature bonding appara-
tus may further include a target holding substrate 8c (con-
taining a target 7) in a front position of the atomic beam
source 6. The fast atom beam 9 irradiated from the atom
beam source 6 is incident on the targets 7 located on the
target holding substrates 8a, 8b and 8c. The target 7 is
sputtered so that the target material is emitted from the
target 7 as sputter particles 10 for the substrate 4 on the
electrostatic chuck 3b and the substrate 4 on the posi-
tioning stage carriage 3a.

[0042] Moreover, the fast atom beam 9 which is not
incidentonthetarget 7 isincident directly on the substrate
4 to sputter and etch the surface of the substrate 4. There-
fore, at this time, the deposition of the sputtering particles
10 from the target 7 and the activation of the surface by
the sputtering and etching are performed at a same time
on the bonding surface of the substrate 4. That is, the
two reactions, i.e. the cleaning of the surface and the
forming of an intermediate layer, progress at the same
time. Thus, the intermediate layer which is very clean
and has a high activity can be formed.

[0043] In this case, the target holding substrates 8a
and 8b (containing the targets 7) are not located on the
central axis line 9a of the atomic beam source 6. How-
ever, the central axis line 9a of the atomic beam source
6 is an axis line extending from the center 16a of the
opening section 16 of the atomic beam source 6 to a
perpendicular direction (horizontal direction) to the sur-
face of opening section 16. On the other hand, the target
holding substrate 8c (containing the target 7) may be in
a plane orthogonal to the central axis line 9a.

[0044] Note thatthe carrying-in and carrying-out of the
substrate 4 are not shown in FIG. 1 and FIG. 2. For ex-
ample, a load lock chamber is disposed to communicate
with the vacuum chamber through a gate valve. By using
a robot arm disposed in the load lock chamber, the
mounting and removal of the substrate 4 to and from the
positioning stage carriage 3a and the electrostatic chuck
3b can be carried out.
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[0045] FIG. 3is aplanview showing an example of the
configuration of the target holding substrate 8 (8a, 8b,
8c) according to the present embodiment. On the target
holding substrate 8, a plurality of areas are disposed
where a plurality of targets are can be arranged, instead
of an area where a singular target is arranged. In an ex-
ample shown in FIG. 3, five areas are disposed. Instead
of the singular target 7, a plurality of targets 11 to 15 are
arranged in the plurality of areas. The plurality of targets
11 to 15 may be formed of a same material (e.g. element,
compound, and alloy) and may be formed of materials
different from each other. All of the plurality of areas do
not have to be identical. Using such a target holding sub-
strate 8 and the plurality of targets 11 to 15, the compo-
sition of the intermediate layer can be controlled to a de-
sired composition based on the areas of the targets and
the compositions of the targets.

[0046] Especially, a case where the condition of the
fast atom beam irradiated from the atomic beam source
6 should be constant, i.e. a case where the condition of
the sputtering and etching is constant will be discussed
below. Even in such a case, the following method can be
adopted in order to form the intermediate layer having a
desired characteristic. For example, regarding the film
thickness of the intermediate layer, it is possible to adjust
the area of the target. That s, the maximum film thickness
is obtained by arranging the target in all of the plurality
of areas and the minimum film thickness is obtained by
arranging the target only in the minimum area of the plu-
rality of areas. Also, regarding the composition of the
intermediate layer, it is possible to adjust the whole com-
position of the intermediate layer based on the compo-
sitions of the materials which are contained in the targets
arranged in the plurality of areas.

[0047] In this way, by adjusting the area and compo-
sition of the target to form the intermediate layer, the film
thickness and composition of the intermediate layer can
be changed without changing the condition of the fast
atom beam from the atomic beam source 6. Thus, the
intermediate layer which has the desired characteristics
can be formed independently from the etching condition
of the substrate by the fast atom beam.

[0048] Here, there would be a case where it is not re-
quired to arrange targets in all of the plurality of areas
from the necessary characteristics (composition, film
thickness, and so on) for the intermediate layer. For ex-
ample, in FIG. 3, a case where the targets 12, 13, and
14 are necessary but the targets 11 and 15 are not nec-
essary will be considered. In this case, the targets 11 and
15 can be removed but the exposed area of the target
holding substrate 8 becomes large. The fast atom beam
is irradiated to the exposed area of the target holding
substrate 8, even if the targets 11 and 15 are removed.
Because the exposed area becomes large, there would
be a possibility that the target holding substrate 8 is sput-
tered. In such a case, there is a possibility that the sput-
tered particles are deposited on the upper substrate 4
and the lower substrate 4 as a metal impuirity.
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[0049] Therefore, in the present embodiment, a pseu-
do target formed of a material difficult to be sputtered
(etched) with the fastatom beam is arranged on the target
holding substrate 8 as the targets 11 and 15. However,
the material difficult to be sputtered (etched) with the fast
atom beam is a material whose argon Ar sputtering yield
is relatively low, compared with the targets 12 to 14, when
the gas species of the fast atom beam is argon Ar. For
example, when the targets 12 to 14 are metal materials,
insulating materials and ceramic materials are exempli-
fied. As the insulating material, silicon oxide (containing
quartz) and aluminum oxide (containing sapphire) are
exemplified. When the targets 12 to 14 are formed of
metal materials, the materials of the targets 11 and 15
may be metal materials which are more difficult to be
etched than the metal materials of the targets 12 to 14.
Yttrium and tungsten are exemplified as such metal ma-
terials.

[0050] Or, inthe present embodiment, a pseudo target
may be arranged on the target holding substrate 8 as the
targets 11 and 15, wherein the pseudo target is formed
of a material which does not obstruct the function of a
device obtained by bonding the upper and lower sub-
strates 4, even if the material is in the bonding surfaces
of the upper and lower substrates 4. However, the ma-
terial which does not obstruct the function of the device
means a material that the influence on the electric, mag-
netic, and optical functions of the device is low. As such
a material, an insulating material and a material which
contains the same element as an element of a main com-
ponent of the substrate 4 are exemplified. However, the
main component is a component with the highest rate of
the material. As the insulating material, silicon oxide (con-
taining quartz) and aluminum oxide (containing sapphire)
are exemplified. Also, as the material which contains the
element of the main component of the substrate 4, silicon
and silicon oxide are exemplified when the substrate 4
is formed of silicon, and aluminum and aluminum oxide
are exemplified when the substrate 4 is formed of sap-
phire.

[0051] In the target holding substrate 8, it is possible
to reduce an impurity from the bonding surface and re-
duce the influence of the impurity, by using a material
difficult to be sputtered (etched) with the fast atom beam
or a material not to obstruct the function of the device as
the pseudo-target for an area where the target needs not
to be arranged. Note that the target holding substrate 8
(8a, 8b, 8c) itself may be formed of material which is
difficult to be sputtered (etched) with the fast atom beam
or which does not obstruct the function of the device. In
this case, it is possible to reduce the impurity in the bond-
ing surface, and reduce the influence of the impurity.
[0052] Next, the room-temperature bonding method
(the operation of the room-temperature bonding appara-
tus) according to the present embodiment will be de-
scribed.

[0053] The room-temperature bonding apparatus con-
figured as mentioned above is prepared. However, the
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targets 11 to 15 are used (FIG. 3). Note that in this ex-
ample, itis supposed that the target holding substrate 8c
is not used. Also, it is supposed that the target holding
substrates 8a and 8b and the targets 11 to 15 areinstalled
previously.

[0054] Two sheets of substrates 4 used for the bonding
are previously carried into the load lock chamber (not
shown) which has been exhausted to a vacuum state.
The two sheets of substrates 4 used for the bonding are
conveyed into the vacuum chamber 1 that has been ex-
hausted to the vacuum, through the gate valve (not
shown) by a conveyer means (not shown) in the state
that the substrates are located on the cartridges (not
shown). One sheet of the substrate 4 is located under
the electrostatic chuck 3b in the state that the substrate
4 is located on the cartridge. The electrostatic chuck 3b
holds the substrate 4 with electrostatic force. At this time,
the lower surface of the pressure bonding mechanism 5
is in a position above the upper surface of the positioning
stage carriage 3a in a direction opposite to the direction
of gravitational force. The cartridge made empty is car-
ried out to the load lock chamber by a conveyer means.
Also, the other sheet of substrate 4 is located on the
upper surface of the positioning stage carriage 3a in the
state that the substrate 4 is located on the cartridge. The
positioning stage carriage 3a holds the substrate 4 by
holding the cartridge on which the substrate 4 is located.
[0055] After locating the two sheets of substrates 4,
the gate valve is closed and the vacuum chamber 1 is
vacuumed to a predetermined degree of vacuum by us-
ing the exhaust unit 2. After that, the atomic beam source
6 is started, to irradiate the fast atom beam 9. The fast
atom beam 9isirradiated on the targets 11 to 15 to sputter
the elements of which the targets 12 to 14 are formed.
The sputtering particles 10 from the targets 12 to 14 are
deposited on the substrates 4 to form the intermediate
layers. At this time, for example, when the targets 11 and
15 are formed of the material which is difficult to be sput-
tered with the fast atom beam, the elements of which the
targets 11 and 15 are formed are hardly sputtered. Be-
cause the sputtering particles from the targets 11 and 15
are very few, the sputtering particles hardly reach the
substrate 4 so that the intermediate layers are almost not
polluted.

[0056] On the other hand, in parallel to these process-
es, the fast atom beam 9 which is not incident on the
targets 11 to 15 is irradiated to the bonding surfaces of
the substrates 4 to sputter and etch the surfaces. At this
time, the deposition of sputtering particles 10 from the
target 12 to 14 and the activation of the surfaces by the
sputter and etching are performed at the same time at
the bonding surfaces. The deposition and the activation
depends on the materials of the targets 12 to 14 and the
arrangement thereof, the intensity of the fast atom beam
9 from the atomic beam source 6, and an energy density
distribution in a perpendicular direction to the central axis
line 9a. Therefore, these conditions are adjusted such
that the deposition exceeds the sputtering and etching
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so that the intermediate layer of a desired film thickness
is formed. Note that the sputtering and etching means
that an energy line is irradiated to a target to occur the
sputtering so that the irradiated portion of the target is
physically shaved.

[0057] After the deposition and the activation end, the
atomic beam source 6 is stopped to stop the irradiation
of the fast atom beam. After that, the pressure bonding
mechanism 5 is driven to bring the lower surface of the
pressure bonding mechanism 5 close to the surface of
the alignment mechanism 17. When the bonding surfac-
es of the upper substrate 4 and lower substrate 4 contact
each other, the pressure bonding mechanism 5 is con-
trolled to apply a predetermined load and sustains the
application of load for a predetermined time just as it is.
The fixation of the upper substrate 4 and the electrostatic
chuck 3bis cancelled after the predetermined time elaps-
es, and the pressure bonding mechanism 5 is driven to
separate the lower surface of the pressure bonding
mechanism 5 from the upper surface of the alignment
mechanism 17. Thus, the substrates 4 which are bonded
through the intermediate layers are left on the positioning
stage carriage 3a. FIG. 4 is a side view showing an ex-
ample of the device manufactured by the room-temper-
ature bonding method according to the present embod-
iment. The two sheets of substrates 4 are bonded through
the intermediate layers 20. For example, at this time, be-
cause the targets 11 and 15 not used for forming the
intermediate layers are formed of material which is diffi-
cult to be sputtered with the fast atom beam, there is no
case that the material is mixed into the intermediate lay-
ers.

[0058] After that, the bonded substrates 4 are carried
to the load lock chamber by the conveyer means together
with the cartridge. Then, the bonded substrate 4 is taken
out of the room-temperature bonding apparatus. New
substrates are located in the load lock chamber and the
room-temperature bonding is carried out by the same
method, according to necessity.

[0059] By carrying out the room-temperature bonding
as mentioned above, a plurality of kinds of materials (e.
g. targets 12 to 14) can be mixed into the bonding sur-
faces of the substrates 4 as the material of the interme-
diate layers 20 so that the intermediate layers 20 can be
uniformly formed. As a result, the heating and the exces-
sive application of load which were necessary in the con-
ventional room-temperature bonding method are made
unnecessary and the substrates which are difficult to
bond can be bonded. Note that the same effect can be
achieved in the same method even in case that the target
holding substrate 8c is used.

[0060] In the present embodiment, for example, be-
cause the area (e.g. of targets 11 and 15) not used for
forming the intermediate layer 20 is formed of the material
difficult to be sputtered with the fast atom beam, itis pos-
sible to restrain that the material of the area is mixed into
the intermediate layer. Or, in the above embodiment, for
example, because the area (e.g. targets 11 and 15) not
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used for forming the intermediate layer 20 is formed of a
material which does not obstruct the function of the de-
vice, itis possible to prevent the influence on the function
of the device even if the material of the area is mixed into
the intermediate layer.

[0061] Moreover, in the present embodiment, by ad-
justing the arrangement of the materials of the targets
(12 to 14) used to form the intermediate layer and the
materials of the pseudo-targets (11 and 15) not used to
form the intermediate layer, and the areas of these ma-
terials, the film thickness and composition of the inter-
mediate layer can be changed without changing the con-
dition of the fast atom beam from the atomic beam source
6. Thus, the intermediate layer 20 can be formed in which
the physical characteristics such as optical characteristic
and electric and electromagnetic characteristics (insula-
tion property) to be required for the device are controlled,
independently from the etching condition of the substrate
4 with the fast atom beam.

[0062] In the present embodiment, it is possible to re-
strain that metal elements of the target holding substrate
8 are mixed into the bonding substrate (containing the
intermediate layer) as an impurity. That is, it is possible
restrain that the manufacturing line is polluted with the
scattering of metal elements which exist in the device
and another device is polluted with a metal impurity ad-
hered in the manufacturing process. Thus, even if the
bonded substrates are applied to the manufacturing line
at the following stage, the metal impurity never adhere
to the manufacturing line and the other device and it is
possible to prevent the obstruction of the function of the
other device.

[0063] According to the present embodiment, in case
that the substrates are bonded at the room-temperature,
it is possible to restrain that the impurity adheres to the
substrate. When the intermediate layer is disposed be-
tween the substrates, it is possible to independently con-
trol the forming of the intermediate layer and the etching
of the bonding surface. Also, it is possible to improve the
reliability and manufacturing yield of the device using the
substrates bonded by the room-temperature bonding.
Furthermore, it is possible to reduce a possibility of pol-
lution of the manufacturing line of the device using the
substrates bonded by the room-temperature bonding
with the impurities.

[Second Embodiment]

[0064] The room-temperature bonding apparatus and
the room-temperature bonding method according to a
second embodiment of the present invention will be de-
scribed. The second embodiment is different from the
first embodiment in that a covering member 50 having a
predetermined characteristic is disposed inside the vac-
uum chamber 1. Below, the difference from the first em-
bodiment will be mainly described.

[0065] FIG. 5is a sectional view showing the configu-
ration of the room-temperature bonding apparatus ac-
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cording to the present embodiment. In the present em-
bodiment, the inner surface of the vacuum chamber 1 of
the room-temperature bonding apparatus is covered with
the covering member 50 using a material which is difficult
to be sputtered (etched) with the fast atom beam or which
does not obstruct the function of the device obtained by
bonding the upper substrate 4 and the lower substrate 4
even if the material is present in the bonding surface of
the substrate 4. However, the material which is difficult
to be sputtered (etched) with the fast atom beam and the
material which does not obstruct the function of the de-
vice are the same as described in the first embodiment.
[0066] For example, when the vacuum chamber 1 has
a rectangular parallelepiped shape, the covering mem-
ber 50 is formed to cover a total six surfaces of the two
surfaces of inner top and bottom surfaces of the vacuum
chamber 1 and the four surfaces of inner front and back
side surfaces and inner left and right side surfaces. The
covering member 50 is disposed in the neighborhood of
or in contact with the six surfaces, inside the vacuum
chamber 1. Or, for example, when the vacuum chamber
1 has a cylindrical shape (the top and bottom are planes),
the covering member 50 is disposed to cover a total three
inner surfaces of the two surfaces of the top and bottom
surfaces inside the vacuum chamber 1 and a side surface
of the circular cylinderinner curved surface. The covering
member 50 is disposed in neighborhood of the three sur-
faces, or in contact with the three surfaces inside the
vacuum chamber 1. Note that the covering member 50
is exemplified by a thin plate member and a thin film mem-
ber, and may be close to each other and may be sepa-
rated. Also, the covering member 50 may be disposed
to be detachable and exchangeable from the vacuum
chamber 1. Also, the covering member 50 may be a layer
coated directly on the each inner surface and a diffusion
layer into which the material is diffused.

[0067] When the covering member 50 which covers
the inside of the vacuum chamber 1 is not disposed, a
case would be considered that a part of the fast atom
beam reaches the inside of the vacuum chamber 1 to
sputter and etch the inside of the vacuum chamber 1, so
that a material of the vacuum chamber 1 is taken into the
intermediate layer and adheres to the substrate 4. How-
ever, in the present embodiment, because the covering
member 50 covers the inside of the vacuum chamber 1,
the part of the fast atom beam does not reach the vacuum
chamber 1. Thus, it can be prevented that the inside of
the vacuum chamber 1 is sputtered and etched so that
the material of the vacuum chamber 1 is taken into the
intermediate layer and adheres to the substrate 4.
[0068] Also, a covering film of the target material is
formed on the surface inside the vacuum chamber 1 of
the room-temperature bonding apparatus by repeating
the sputtering of the target. A situation may occur that
when the covering film becomes thick, the covering film
is easy to peel so that the peeled film is taken into the
intermediate layer. However, in the presentembodiment,
by designing the covering member 50 so as to be de-



19 EP 2 883 644 A1 20

tachable or exchangeable from the vacuum chamber 1,
it is possible to prevent that the covering film becomes
thick and becomes easy to peel so that the peeled film
gives adverse influence on the intermediate layer, while
holding the above effect.

[0069] Because the other part of the configuration of
the room-temperature bonding apparatus of the present
embodiment is same as that of the first embodiment, the
description is omitted.

[0070] Next, because the room-temperature bonding
method (the operating method of the room-temperature
bonding apparatus) according to the present embodi-
ment is same as that of the first embodiment about, the
description is omitted.

[0071] In the present embodiment, the inside of the
vacuum chamber 1 where the sputtering of the bonded
objects is carried out is covered with a material which is
difficult to be sputtered (etched) with the fast atom beam
or which does not obstruct the function of the device ob-
tained by bonding the upper substrate 4 and the lower
substrate 4 even if the material is present in the bonding
surface of the substrate. Thus, it is possible to prevent
that the vacuum chamber 1 (formed of stainless, alumi-
num and so on) functions as a supply source of the in-
termediate layer. That is, it becomes possible to improve
the controllability of the forming of the intermediate layer
by the plurality of target materials by preventing the sput-
tering in the background.

[0072] Inthe presentembodiment, itis possible to pre-
vent that the metal elements of the vacuum chamber 1
are mixed into the bonding substrate (containing the in-
termediate layer) as an impurity. That is, it is possible to
restrain a possibility that the manufacturing line is pollut-
ed due to the scatter of the metal elements existing in
the device in the manufacturing process and another de-
vice s polluted with a metal impurity adhered. Thus, when
the bonding substrate is applied to the following manu-
facturing line, there is no case that the metal impurity
adheres to the manufacturing line and the other device
and obstructs the function of the other device.

[0073] Note that the room-temperature bonding appa-
ratus of the presentembodiment may nothave the targets
7 (or 11 to 15), the target holding substrates 8a and 8b,
and the target moving mechanisms 40a and 40b. In such
a case, the upper substrate 4 and the lower substrate 4
are subjected to the the room-temperature bonding with-
out using the intermediate layers after the bonding sur-
faces of the substrates are sputtered and cleaned with
the fast atom beam. In this case, it could be considered
that when the covering member 50 which covers the in-
side of the vacuum chamber 1 is not disposed, a part of
the fast atom beam reaches the inner surface of the vac-
uum chamber 1 to sputter and etch the inner surface of
the vacuum chamber 1 so that the materials of the vac-
uum chamber 1 adhere to the bonding surfaces of the
substrates 4. However, because the inside of the vacuum
chamber 1 is covered with the covering member 50 like
mentioning above, there is no case that a part of the fast
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atom beam reaches the inner surface of the vacuum
chamber 1. Thus, even when the targets 7 (or 11 to 15),
the target holding substrates 8a and 8b, and the target
moving mechanisms 40a and 40b are not disposed, it
can be prevented that the inner surface of the vacuum
chamber 1 is sputtered and etched so that the material
of the vacuum chamber 1 adheres to the substrate 4.
[0074] According to the present embodiment, it be-
comes possible to restrain that the impurity adheres to
the substrate, when the substrates are subjected to the
room-temperature bonding. It becomes possible to im-
prove the manufacturing yield of the devices using the
substrates bonded by the room-temperature bonding
and the reliability of the devices. It becomes possible to
reduce a possibility of pollution of the manufacturing line
of the device using the substrates bonded by the room-
temperature bonding with the impurity.

[Third Embodiment]

[0075] The room-temperature bonding apparatus and
the room-temperature bonding method according to a
third embodiment of the present invention will be de-
scribed. The third embodiment is different from the first
embodiment in that each of the components of the vac-
uum chamber 1 is formed of a material having a prede-
termined characteristic or a surface portion where an ac-
tivation beam is irradiated is covered with the covering
member formed of the material. Below, the difference
from the first embodiment will be mainly described.
[0076] FIG. 6A is a sectional view showing the config-
uration of the room-temperature bonding apparatus ac-
cording to the present embodiment. In the present em-
bodiment, the positioning stage carriage 3a, the align-
ment mechanism 17, the pressure bonding mechanism
5, the electrostatic chuck 3b, the target moving mecha-
nisms 40a and 40b, which are the components of the
vacuum chamber 1 of the room-temperature bonding ap-
paratus, are formed of a material which is difficult to be
sputtered (etched) with the fast atom beam or which does
not obstruct the function of the device obtained by bond-
ing of the upper substrate 4 and the lower substrate 4
even if the material is present in the bonding surface.
Here, the material which is difficult to be sputtered
(etched) with the fast atom beam or the material which
does not obstruct a function of the device are the same
as described in the first embodiment.

[0077] Or, the outer surfaces of the positioning stage
carriage 3a, the alignment mechanism 17, the pressure
bonding mechanism 5, the electrostatic chuck 3b, the
target moving mechanisms 40a and 40b, which are com-
ponents of the vacuum chamber 1 of the room-temper-
ature bonding apparatus, are covered with the covering
film using the material which is difficult to be sputtered
(etched) with the fast atom beam or which does not ob-
struct the function of the device obtained by bonding the
upper substrate 4 and the lower substrate 4 even if the
material is in the bonding surface. However, the material
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which is difficult to be sputtered (etched) with the fast
atom beam or the material which does not obstruct the
function of the device are the same as described in the
first embodiment.

[0078] FIG. 6B is asectional view schematically show-
ing an example of a covering layer. The members 82 of
the positioning stage carriage 3a, the alignment mecha-
nism 17, the pressure bonding mechanism 5, the elec-
trostatic chuck 3b, and the target moving mechanisms
40a and 40b, which are formed of, for example, stainless
and/or aluminum, are covered by a covering layer 81 (of
the material which is difficult to be sputtered with the fast
atom beam or which does not obstruct the function of the
device). The covering layer 81 can be regarded as the
covering member 50 in the second embodiment. The
covering layer 81 is exemplified as a layer formed by
directly coating the above material (a film) on the member
82 of a main body or a diffusion layer obtained when the
material is diffused into the member 82 of the main body.
[0079] FIG. 7A is a perspective view schematically
showing the configuration of the room-temperature bond-
ing apparatus according to.the present embodiment. As
shown in FIG. 7A, in the room-temperature bonding ap-
paratus, a plurality of target holding substrates 8c (con-
taining the targets 7) may be installed like an arc in a
front position of the atomic beam source 6. The target
holding substrates 8c are arranged to to surround the
(circular) substrate 4 in a circumferential direction. Each
of the plurality of target holding substrates 8c may have
a curved shape. Moreover, a plurality of target holding
substrates 8a and a plurality of target holding substrates
8b may be installed, respectively. In this way, because
an area of the targets 7 to be sputtered becomes wider
by installing the plurality of target holding substrates 8a,
the plurality of target holding substrates 8b, and the plu-
rality of target holding substrates 8c, the sputtered par-
ticles from the targets 7 are irradiated to the bonding sur-
faces of the upper substrate 4 and lower substrate 4 to
sufficiently cover the area of the bonding surfaces. Ac-
cordingly, the intermediate layer can be more uniformly
formed on the bonding surface of the substrate 4. Also,
by surrounding the periphery of the substrate 4 physically
by the targets 7, itis possible to restrain that unnecessary
material is mixed into the intermediate layer from the in-
ner surface of the vacuum chamber 1, other parts, and
other components.

[0080] FIG. 7B is asectional view schematically show-
ing an example of the target holding substrates 8a and
8b. As shown in FIG. 7B, it is desirable that the irradiated
surfaces of the target holding substrates 8a and 8b have
curved surfaces so that lines of the reflected beam when
the fast atom beam 9 from the atomic beam source 6 is
irradiated to the irradiated surfaces are parallel to each
other toward the bonding surfaces of the substrates 4.
Thus, itis possible to ease a thickness distribution of the
intermediate layer in the direction of the surface of the
substrate 4. Also, FIG. 7C is a sectional view schemati-
cally showing an example of the target holding substrates
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8c. As shown in FIG. 7C, the irradiated surfaces of the
target holding substrates 8c are arranged in a direction
orthogonal to the bonding surface of the substrate 4 to
surround the semicircle of the substrate 4. By arranging
the targets so as to put the bonding surface of the sub-
strate 4 inthe semicircumference, the sputtering particles
are incident on the area of the bonding surface of the
substrate 4 which is farther from the targets 7 on the
target holding substrates 8a and 8b. The intermediate
layer can be formed uniformly on the bonding surface.
[0081] In case that each component of the vacuum
chamber 1 is not formed of a predetermined material and
that the covering layer 81 is not disposed on the surface
of each component, it could be considered that a part of
the fast atom beam reaches each component so that
each component is sputtered and etched and a material
of each component is taken into the intermediate layer.
However, in the present embodiment, each component
is formed of a predetermined material and the covering
layer 81 is disposed on each component. For this reason,
even if the part of the fastatom beam reaches the surface
of each component, the surface of the component is not
etched and an adverse influence to the device can be
avoided in the etching.

[0082] The other part of the configuration of the room-
temperature bonding apparatus of the present embodi-
ment is the same as that of the first embodiment. Accord-
ingly, the description is omitted.

[0083] Next, the room-temperature bonding method
(the operation of the room-temperature bonding appara-
tus) according to the present embodiment is the same
as in the first embodiment. Accordingly, the explanation
is omitted.

[0084] When the substrate 4 is physically sputtered,
supporting members of the substrate 4 (the positioning
stage carriage 3a, the alignment mechanism 17, the
pressure bonding mechanism 5, the electrostatic chuck
3b) are arranged in the position which is nearest to the
substrate 4 in the bonding environment. Therefore, in the
presentembodiment, the phenomenon can be prevented
that the supporting members function as a sputtering tar-
get so that the supporting members are taken into the
intermediate layer formed on the bonding surface. Thus,
the controllability of the forming of the intermediate layer
while using a plurality of targets can be improved.
[0085] Note that in the present embodiment, if at least
one of the positioning stage carriage 3a, the alignment
mechanism 17, the pressure bonding mechanism 5, the
electrostatic chuck 3b and the target moving mecha-
nisms 40a and 40b has a configuration mentioned above,
the above-mentioned effect can be obtained although
the degree of the effect is different. That is, if at least one
member is formed of a material which is is difficult to be
sputtered with the fast atom beam or which does not ob-
struct the function of the device obtained by bonding the
upper substrate and the lower substrate even if the ma-
terial is in the bonding surface of the substrates, or the
irradiated surface of the fast atom beam is covered with
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the covering layer using the material, there is an impurity
reduction effect in the intermediate layer and so on. Thus,
even if a part of the fast atom beam reaches the surface
of each component, the surface is not sputtered and
etched, and it is possible to avoid adverse influence on
the device, even in case of being etched.

[0086] Inthe presentembodiment, it is possible to pre-
vent the metal element of each component of the vacuum
chamber 1 from being mixed into the bonding substrate
(containing the intermediate layer) as an impurity. That
is, a possibility can be restrained that the manufacturing
line and the other device are polluted with the metal im-
purity adhered to them through the scatter of the metal
existing inthe device in the manufacturing process. Thus,
even if the bonding substrate is applied to the manufac-
turing line at the following stage, the metal impurity never
adhere to the manufacturing line and the other device,
and it is possible to reduce the obstruction of the function
of the other device.

[0087] Note that the room-temperature bonding appa-
ratus in the presentembodiment may not have the targets
7 (or 11 to 15), the target holding substrates 8a and 8b,
and the target moving mechanisms 40a and 40b. In such
a case, when the upper substrate 4 and the lower sub-
strate 4 are bonded at the room-temperature without us-
ing the intermediate layer, the bonding surfaces of the
substrates are cleaned by sputtering the bonding surfac-
es with the fast atom beam. At this time, when each com-
ponent of the vacuum chamber 1 is not formed of the
predetermined material and when the covering layer 81
is notdisposed on the surface of each component, it could
be considered that a part of the fast atom beam reaches
each component, so that each component is sputtered
and etched and the material of each component is taken
into the bonding surface of the substrate 4. However, in
the present embodiment, each component is formed of
the predetermined material and the covering layer 81 is
disposed on the surface of each component. Therefore,
even if the target 7 (or 11 to 15), the target holding sub-
strates 8a and 8b, and the target moving mechanisms
40a and 40b are not disposed, and even if a part of the
fast atom beam reaches the surface of each component,
the surface is not etched or the adverse influence on the
device can be avoided even in the sputtering or etching.
[0088] Accordingtothe presentembodiment,whenthe
substrates are bonded at the room-temperature, itis pos-
sible to restrain that the impurity adheres to the substrate.
Also, it is possible to improve a manufacturing yield of
the devices using the substrates bonded by the room-
temperature bonding and the reliability of the devices.
The possibility can be reduced that the manufacturing
line of the device using the substrates bonded by the
room-temperature bonding is polluted with the impurity.

[Fourth Embodiment]

[0089] The room-temperature bonding apparatus and
the room-temperature bonding method according to a
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fourth embodiment of the present invention will be de-
scribed. The fourth embodiment is different from the first
embodiment in that the atomic beam source 6 of the vac-
uum chamber 1 is formed of a material having predeter-
mined characteristics, or a portion of the atomic beam
source 6 irradiated with the activation beam is covered
with the covering member using the material. Below, the
difference point from the first embodiment will mainly be
described.

[0090] FIG. 8Ais a sectional view showing the config-
uration of the room-temperature bonding apparatus ac-
cording to the present embodiment. In the present em-
bodiment, the atomic beam source 6 in the vacuum
chamber 1 of the room-temperature bonding apparatus
is formed of a material which is difficult to be sputtered
(etched) with the fast atom beam or which does not ob-
struct the function of the device obtained by bonding the
upper substrate 4 and the lower substrate 4 even if the
material is in the bonding surface of the substrates 4.
Here, the material which is difficult to be sputtered
(etched) with the fast atom beam or which does not ob-
struct the function of the device is the same as in the first
embodiment.

[0091] Or, the portion of the atomic beam source 6 ir-
radiated with the fast atom beam is covered with a cov-
ering layer formed of a material which is difficult to be
sputtered (etched) with the fast atom beam or which does
not obstruct the function of the device obtained by bond-
ing the upper substrate 4 and the lower substrate 4 even
if the material is in the bonding surface of the substrate.
However, the material which is difficult to be sputtered
(etched) with the fast atom beam or which does not ob-
struct the function of the device is the same as in the first
embodiment.

[0092] FIG. 8B is asectional view schematically show-
ing an example of the covering layer. The atomic beam
source 6 has a configuration that amember 92 (e.g. stain-
less, aluminum) of a main body of the atomic beam
source 6 is covered with a covering layer 91 (of the ma-
terial which is difficult to be sputtered with the fast atom
beam or which does not obstruct the function of the de-
vice). The covering layer 91 can be regarded as the cov-
ering member 50 in the second embodiment. The cov-
ering layer 91 is exemplified by a layer formed by directly
coating (film forming) the member 92 of the main body
with the above material and a diffusion layer when the
above material is diffused in the member 92 of the main
body.

[0093] When the atomic beam source 6 of the vacuum
chamber 1 is not formed of the predetermined material
orwhen the coveringlayer 91 is not formed on the surface
of the atomic beam source 6, it could be considered that
apartofthefastatom beamreaches a part of the housing,
so that the part of the housing is sputtered and etched
and the material of the housing is taken into the interme-
diate layer. However, in the present embodiment, the
housing is formed of the predetermined material and the
covering layer 91 is disposed on the surface of the hous-
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ing. Therefore, the adverse influence on the device can
be avoided evenifthe surface is not sputtered and etched
even if the part of the fast atom beam reaches the surface
of the housing.

[0094] Because the other part of the configuration of
the room-temperature bonding apparatus of the present
embodiment is the same as that of the first embodiment,
the description is omitted.

[0095] Next, because the room-temperature bonding
method (the operation of the room-temperature bonding
apparatus) according to the present embodiment is the
same as that of the first embodiment, the description is
omitted.

[0096] The main body of the atomic beam source 6 is
generally covered with the housing of the metal material
such as stainless steel and aluminum. In this case, there
would be a case that the atomic beam source 6 sputters
a part of its own housing upon irradiating and a case that
two or more atomic beam sources 6 sputter the mutual
housings of metal material. That is, a situation can be
considered that the material of the housing is taken into
the bonding surface of the substrate 4. However, in the
present embodiment, it is possible to prevent that an un-
intentional intermediate layer is formed on the bonding
surfaces, by using the housing of the atomic beam source
6 of the above configuration. Thus, the controllability of
the forming of the intermediate layer by the plurality of
targets can be improved.

[0097] Inthe presentembodiment, itis possible to pre-
vent the metal element of the atomic beam source 6 in
the vacuum chamber 1 from being mixed into the bonding
substrate (containing the intermediate layer) as an im-
purity. Thatis, in the manufacturing process, a possibility
can be restrained that the metal impurity adheres to the
manufacturing line and the other device through the scat-
ter of the metal existing in the device and so on to pollute
them. Thus, even if the bonding substrate is applied to
the manufacturing line at the following stage, itis possible
to prevent that the metal impurity adheres to the manu-
facturing line and the other device and that the function
of the other device is obstructed.

[0098] Note that the room-temperature bonding appa-
ratus of the presentembodiment may not have the targets
7 (or 11 to 15), the target holding substrates 8a and 8b,
and the target moving mechanisms 40a and 40b. In this
case, when the upper substrate 4 and the lower substrate
4 are bonded at the room-temperature without using the
intermediate layer, the bonding surfaces of the sub-
strates are sputtered with the fast atom beam so as to
clean them and then are bonded at room-temperature.
AT this time, defects that the atomic beam source 6 itself
sputters a part of its own housing in case of irradiating
and two or more atomic beam sources 6 sputter mutual
housing of metal material as target may happen. In this
case, a situation could be considered that the material
of the housing is taken into the bonding surfaces of the
substrates 4. However, in the present embodiment, it is
possible to prevent that an un-intentional intermediate
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layer component is formed on the bonding surfaces by
using he housing of the atomic beam source 6 of the
above configuration.

[0099] In the present embodiment, when the sub-
strates are bonded at the room-temperature, itis possible
to restrain that the impurity adheres to the substrate. It
is possible to improve the manufacturing yield of the de-
vices using the substrates bonded by the room-temper-
ature bonding and the reliability of the devices. The pos-
sibility can be reduced that the manufacturing line of the
device using the substrates bonded by the room-temper-
ature bonding is polluted with an impurity.

<Examples>

[0100] Examples ofthe room-temperature bonding ap-
paratus to which the techniques of the above embodi-
ments are applied will be described. FIG. 9 is a graph
showing the effect of the examples to which the tech-
niques of the above embodiments are applied. The hor-
izontal axis shows a condition of the room-temperature
bonding apparatus and the vertical axis shows a meas-
urement value of an existence quantity of the metal im-
purity in the bonding surface (intermediate layer) when
two sheets of substrates are bonded through the inter-
mediate layer(s). Here, the condition (1) shows a case
where the techniques of the above embodiments are not
used, the condition (2) shows a case where the technique
of the above second embodiment is used, and the con-
dition (3) shows a case where the techniques of the above
first to fourth embodiments are used. Also, the measure-
ment value of the existence quantity of the metal impurity
in the bonding surface (intermediate layer) is a metal pol-
lution quantity measurement value (average) by TRXF
(Total Reflection X-ray Fluorescence), and the measure-
ment value of the condition (1) is "1", and the measure-
ment values of the other conditions (2) and (3) are nor-
malized.

[0101] By applying the technique of each of the above
embodiments to the room-temperature bonding appara-
tus (conditions (2) and (3)), an existence quantity of the
metal impurity in the bonding surface (intermediate layer)
can be greatly reduced, compared with a case where any
technique of the above embodiments is not applied to
the room-temperature bonding apparatus (condition (1)).
Thatis, in the above embodiments, in case of sputtering
a plurality of targets when the substrates are bonded at
the room-temperature, a material which is difficult to be
etched compared with the targets, or which does not ob-
struct the function of the device obtained by bonding the
substrates even if the material is in the bonding surfaces
is used for members around the substrates to be sput-
tered. As a result, it was confirmed that the existence
quantity of metal impurity in the intermediate layer in the
bonding interface could be greatly reduced. As an exam-
ple, an existence density of the impurity which exists in
the bonding surface is less than 1x1014 atoms/cm?2.
Thus, the physical characteristics such as optical char-
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acteristic and electric and electromagnetic characteris-
tics (insulation) which are required for the device can be
controlled.

[0102] Also, asputter quantity of the intermediate layer
(abonding surface adhesion quantity) conventionally de-
pended on the etching condition of the bonding substrate
in Patent Literature 3. However, in the present invention,
the sputter quantity of the intermediate layer (bonding
surface adhesion quantity) can be controlled independ-
ently from the etching condition. Thus, it was confirmed
that an optional intermediate layer existence quantity
could be realized to fit with an application of the device.
[0103] The present invention is not limited to each of
the above embodiments and can be appropriately
changed and modified in the range of the technical
thought of the present invention. The technique of each
embodiment can be applied to the other embodiments
unless any technical contradiction occurs.

[0104] The presentapplication claims a priority on con-
vention based on Japan Patent Application NO. JP
2012-196705 filed on September 7,2012. The disclosure
thereof is incorporated herein by reference.

Claims
1. Aroom-temperature bonding apparatus comprising:

a vacuum chamber;

a first holding mechanism disposed in said vac-
uum chamber to hold a first substrate;

a second holding mechanism disposed in said
vacuum chamber to hold a second substrate;
a beam source disposed in said vacuum cham-
ber to irradiate an activation beam to a bonding
surface of the first substrate and a bonding sur-
face of the second substrate; and

apressure bonding mechanism disposed in said
vacuum chamber to bond the first and second
substrates such that the bonding surface of the
first and second substrates irradiated with the
activation beam are opposed to each other,
wherein at least one of said vacuum chamber,
said first holding mechanism, said second hold-
ing mechanism, said beam source and said
pressure bonding mechanism is formed of a first
material which is difficult to be sputtered with the
activation beam or which does not obstruct a
function of a device obtained by bonding the first
substrate and the second substrate even if the
first material is in the bonding surfaces, or a sur-
face of said at least one is covered with a cov-
ering member formed of the first material.

2. The room-temperature bonding apparatus accord-
ing to claim 1, wherein the first material comprises
an element of a main component of the first substrate
as a main component of the first material.
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The room-temperature bonding apparatus accord-
ing to claim 2, wherein the first substrate is a silicon
substrate, and the first material comprises silicon ox-
ide as the main component.

The room-temperature bonding apparatus accord-
ing to claim 1, wherein the first material comprises
an insulator.

The room-temperature bonding apparatus accord-
ingto any of claims 1 to 4, wherein the covering mem-
ber comprises a layer covering a surface irradiated
with the activation beam.

The room-temperature bonding apparatus accord-
ing to any of claims 1 to 5, further comprising:

a target holding mechanism disposed in said
vacuum chamber to hold a target,

wherein said target holding mechanism has a
plurality of areas in which a plurality of said tar-
gets can be arranged, and

wherein pseudo targets of the first material are
arranged in areas, in which any targets are not
arranged, of the plurality of areas.

The room-temperature bonding apparatus accord-
ingto any of claims 1 to 6, wherein said target holding
mechanism is formed of the first material, or a sur-
face of said target holding mechanism irradiated with
the activation beam is covered with said covering
member of the first material,

wherein said beam source irradiates the activation
beam which is irradiated to the bonding surfaces of
the first and second substrates and the target, and
wherein said pressure bonding mechanism bonds
the first and second substrates to which a material
of the target adheres.

The room-temperature bonding apparatus accord-
ing to any of claims 1 to 7, wherein an existence
density of impurity which exists in the bonding sur-
faces of the first and second substrates is less than
1x10'4 atoms/cm?Z.

A room-temperature bonding method comprising:

providing a room-temperature bonding appara-
tus which comprises a vacuum chamber; a first
holding mechanism disposed in said vacuum
chamber to hold a first substrate; a second hold-
ing mechanism disposed in said vacuum cham-
ber to hold a second substrate; a beam source
disposed in said vacuum chamber to irradiate
an activation beam to bonding surfaces of the
first and second substrates; and a pressure
bonding mechanism disposed in said vacuum
chamber to bond the first substrate and the sec-
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ond substrate such that the bonding surfaces of
the first and second substrates irradiated with
the activation beam are opposed to each other,
wherein at least one of said vacuum chamber,
said first holding mechanism, said second hold-
ing mechanism, said beam source and said
pressure bonding mechanism is formed of a first
material which is difficult to be sputtered with the
activation beam or which does not obstruct a
function of a device obtained by bonding the first
substrate and the second substrate even if the
first material is in the bonding surfaces, or a sur-
face of said at least one is covered with a cov-
ering member of the first material;

holding a first substrate by said first holding
mechanism and a second substrate by said sec-
ond holding mechanism;

irradiating the activation beam from said beam
source to bonding surfaces of the first and sec-
ond substrates; and

bonding the first and second substrates by said
pressure bonding mechanism such that the
bonding surface of the first and second sub-
strates irradiated with the activation beam are
opposed to each other.

The room-temperature bonding method according
to claim 9, wherein the first material comprises an
element of a main component of the first substrate
as a main component of the first material.

The room-temperature bonding method according
to claim 10, wherein the first substrate is a silicon
substrate, and the first material comprises silicon ox-
ide as the main component.

The room-temperature bonding method according
to claim 9, wherein the first material comprises an
insulator.

The room-temperature bonding method according
to any of claims 9 to 12, wherein said covering mem-
ber comprises a layer covering a surface irradiated
with the activation beam.

The room-temperature bonding apparatus accord-
ing to any of claims 9 to 13, wherein the room-tem-
perature boding apparatus further comprises a tar-
get holding mechanism disposed in said vacuum
chamber to hold a target,

wherein said target holding mechanism has a plu-
rality of areas in which a plurality of said targets are
arranged, and

wherein pseudo targets of the first material are ar-
ranged in areas, in which targets are not arranged,
of the plurality of areas.

The room-temperature bonding method according

10

15

20

25

30

35

40

45

50

55

16

EP 2 883 644 A1

16.

30

to any of claims 9 to 14, wherein said target holding
mechanism is formed of the first material, or a sur-
face of said target holding mechanism irradiated with
the activation beam is covered with said covering
member of the first material,

wherein said irradiating the activation beam from
said beam source comprises:

irradiating the activation beam to the target, and
wherein said bonding the first and second sub-
strates by said pressure bonding mechanism
comprises:

bonding the bonding surfaces of the first and
second substrates to which a material of said
target adheres such that the bonding surface of
the first and second substrates irradiated with
the activation beam are opposed to each other.

The room-temperature bonding method according
toany of claims 9to 15, wherein an existence density
of impurity which exists in the bonding surfaces of
the first and second substrates is less than 1x1014
atoms/cm?2,
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